Illegal imports of meat can present substantial risks to public and animal health. Several European countries have reported considerable quantities of meat imported on commercial passenger flights. The objective of this study was to estimate the quantity of meat illegally imported into Switzerland, with a separate estimation for bushmeat.
Introduction
Illegal import of meat and meat products can pose a substantial risk to animal and human health (1) . Outbreaks of foot and mouth disease, African swine fever, classical swine fever and swine vesicular disease in countries formerly free from these infections have been attributed to the feeding of waste meat (swill) to domestic pigs (2, 3, 4, 5) . These diseases can be associated with significant economic and social costs, as well as severe trade limitations in the livestock sector. Illegally imported meat is also a potential threat to human health, particularly when the meat is from wild animals originating from Africa, Asia, and Central or South America; such meat is commonly referred to as bushmeat (6) . Approximately 75% of emerging diseases are zoonoses and one of the activities that could result in the emergence of such diseases is the bushmeat trade (7) .
Wild animals are a large and unknown reservoir of zoonotic and nonzoonotic disease agents (7, 8, 9) . Animal (10, 11) . Non-human primates pose a higher risk for transmission of zoonotic pathogens because their physiological similarities to humans enable more efficient transfer of such agents (7, 12) . Of particular public health importance is the frequent absence of veterinary monitoring of animals from which the bushmeat is derived (13) . In addition, a poor level of hygiene is often the norm during the killing, butchering and preparation of animals in some countries of origin. Furthermore, a poor or even non-existent cool chain during transportation from the country of origin to the importing country again increases the probability of high levels of pathogens in the meat tissue (13) . Outbreaks of Ebola (12, 14, 15), simian foamy virus (7) and monkeypox (16, 17) have been attributed to consumption of bushmeat. The severe acute respiratory syndrome (SARS) virus in humans was acquired through consumption of small carnivores such as civets and wild cats in China (17, 18) . It is also thought that the human immunodeficiency virus (HIV) mutated from simian immunodeficiency virus (SIV), which is found in chimpanzees, after the consumption of such meat in Africa (16, 19) .
Migrant human populations living in Europe are an important market for wild animal meat from their home countries because they are willing to pay more for bushmeat than they would for meat from domestic animal species (20, 21, 22, 23) . There are several reasons for this: bushmeat is considered a delicacy and adds variety to their diet, it is prestigious and plays an important role in ceremonies such as weddings and other festivals, it serves as a reminder of their culture and it is a way for these communities to connect with the village life that they left behind in Africa or Asia (20, 21, 22) . It is estimated that close to one million wild animals, such as antelopes, bush-pigs and rodents, among others, are killed and eaten annually in Africa alone (24) . The economic gains from the bushmeat trade in West and Central Africa are reported to be significant, with an annual revenue close to US$50 million (8) . The results of the study will serve as a basis for assessing the risk of introducing exotic animal diseases and zoonoses into Switzerland and for developing appropriate procedures for risk management.
Methodology

Analysis of data from routine customs inspections
The authors obtained the study database from the airport customs offices in Zurich and Geneva, the only Swiss airports with border veterinary inspection services. These airports handle 86% of all flights at national airports in Switzerland The software R (http://cran.r-project.org/) was used for assessment of data quality, categorisation of new variables and statistical analysis.
The product description was a free text variable that was summarised into the following categories: meat (separate category for sausage), fish and seafood, milk products, egg products, honey, insects, and others (containing non-animal products, feathers, birds' nests, unspecified child nutrition, ready meals). If records met any one of the following criteria, the food product was defined as bushmeat:
-the meat was described as 'bushmeat'
-the information stated that the meat originated from non-specified game animals for Geneva).
Estimation of the annual quantity of illegally imported meat and bushmeat
A scenario tree was generated for a stochastic model developed in 2006 for the estimation of illegal imports into Switzerland (27) . The model was modified for the purposes of the present study, as described below, and was run in Microsoft Excel with the add-on Palisade @RISK (www.palisade.com). The meat was categorised as bushmeat or meat from domestic species (Fig. 1 ). The data needed as input for the model were derived either from national statistics on air travel, the database on seizures from the airport customs offices, or from expert opinion (Table I) . Because only a very limited number of Rev. sci. tech. Off. int. Epiz., 32 (3) 17102013-00010-EN 7/28 experts with sufficient knowledge on the topic were available, expert opinion was derived from informal interviews rather than from a standardised questionnaire. At each airport, the head of the customs office was asked to provide estimates of the proportion of passengers who do not declare anything and the proportion of passengers whose luggage is searched.
Step one
The annual number of meat and bushmeat imports was estimated by multiplying the probability of an illegal import by the number of passengers entering Switzerland through the airports at Zurich and Geneva. The same probability of carrying meat was assumed for passengers whose luggage was searched by customs officials and those whose luggage was not searched. The frequencies of illegal imports of meat (nIllegalMeat) and bushmeat (nIllegalBm) are given by:
where Npass is the total number of passengers entering Switzerland via the airports at Zurich and Geneva and P1 to P5 denote probability distributions of the different steps of the scenario tree ( Fig. 1 , Table I ).
Step two
The annual numbers and weights of illegally imported meat and meat products were estimated per geographical region of origin, with separate calculations for bushmeat. As the number of illegally imported meat products that are confiscated is small compared with the total number of passengers entering Switzerland, the data were subjected to a Poisson distribution to simulate the variability and uncertainty of the observed number of illegal imports (for meat and bushmeat separately) per region. For East Africa, no bushmeat import was recorded during the period of the dataset, although bushmeat import from this region is possible in principle. Zero imports were
Rev. sci. tech. Off. int. Epiz., 32 (3) 17102013-00010-EN 8/28 therefore not assumed and an estimate of 0.25 illegal imports per year was used for the modelling.
Step three
The distribution of the number of illegal imports of meat and bushmeat per region was calculated by multiplying the proportions of imports from the respective regions by the annual number of illegal meat (nIllegalMeat) and bushmeat (nIllegalBm) imports. The weight distributions of the meat and meat product imports were fitted using @RISK on the registered weights of the confiscated meat products Step four
The total weight of illegally imported meat and meat products per region was estimated by multiplying the number of illegal meat imports per region and a sample drawn from the weight distribution of meat imports. The same procedure was used for bushmeat. Because the weights of the bushmeat products (a total of 30 bushmeat items were imported during the study period) did not follow a continuous distribution, they were described as a discrete distribution in ten categories (kg): 0 to1, 1 to 2, 2 to 3, 3 to 4, 4 to 5, 5 to 8, 8 to 11, 11 to 20, 20 to 30 and 30 to 50, with probabilities of 0. Expression of n_seizures_intervention as a beta distribution and n_annual_seizures and Npass as PERT distributions (see Table I) resulted in an estimation of how much more intensive the searches were during the days of intervention (int): 10/28
The database on seizures contained information on the number of seizures but not on the number of luggage searches, therefore the proportion of passengers whose luggage was searched during one year was estimated as follows:
The percentage of passengers whose luggage was searched per airport was defined as output in the @RISK model, which was run for 50,000
iterations.
Results
Description of animal products confiscated during routine customs inspections
During the periods of data collection, a total of 8,633 seizures were (Table III) .
Estimation of the annual quantity of illegally imported meat and bushmeat
The estimated median annual number of illegally imported meat and (Table IV) .
According to the sensitivity analysis, the probability that a passenger whose luggage was searched was importing an animal product (P3), the probability that the imported animal product was meat (P4) and the annual number of passengers entering Switzerland (Npass) had the greatest influence on the annual quantity of illegally imported meat ( Fig. 3a) . For bushmeat similarly, P3, P4 and Npass, together with the probability that the imported meat was bushmeat (P5), were the parameters with the greatest influence ( Fig. 3b) . In the intervention exercises, the proportion of searched luggage in Geneva (1.4%) was 3.8 times higher than in Zurich (0.4%).
Results of the intervention exercises
Comparison of the average annual number of confiscations with the percentage of confiscated meat imports per incoming passenger on the dates of the intervention exercises revealed that searches increased The greatest contributors to meat imports during these two days were Asian countries (China, Thailand, Korea, Singapore), making a contribution of 53% of the total inflow of illegal meat into Switzerland, followed by Turkey at 13% and Brazil at 7%. At Geneva airport, two of the three seizures originated from African countries. Among the imported meat products were dried meat (35%), fresh meat (7%) and canned meat (7%). The animal species of origin most frequently imported were cattle (53%), followed by swine (33%) and birds (14%). No bushmeat was confiscated during these two days.
When a passenger was found not to be importing meat, no personal information was recorded. (Table I) .
Discussion
This study provides an estimate of the quantity of illegal meat and meat products, including bushmeat, transported into Switzerland on commercial passenger flights, as has been described for other European countries (25) . The main countries contributing to the illegal entry of meat were identified. Only a small percentage of illegal meat imports were seized by customs; the total annual quantity of nonintercepted incoming meat and meat products was estimated to be 8.6 t for bushmeat and 1,013 t for other meat.
The study revealed that the total quantity of clearly identified illegal bushmeat was small compared with the total quantity of non-bushmeat products. However, there was a substantial potential for bias in the (Table III) , whereas it is known that there are no antelopes in that country. On the other hand, registered meat products that included the specification 'African' or 'Asian' were categorised as bushmeat even if the species was unknown. A study to determine which species are at highest risk regarding bushmeat imports into Switzerland is in progress. DNA analysis of samples collected at the two airports will result in a better understanding of species at risk and potential diseases of concern.
A further reason for the seemingly low number of bushmeat imports is that there are few direct flights into Switzerland from Asian and sub-Saharan African countries, the main contributors to bushmeat imports (29) . Many passengers travel via a major European airport such as Paris, Amsterdam, Brussels or London before coming into Switzerland on a transit flight or by another route. For this reason, the number of bushmeat imports via air travel is expected to be limited and the greatest inflow of meat imports into Switzerland is most probably by ship and road, which were not considered in this study. In addition, the weight of meat per import by air freight is expected to be much higher than on commercial passenger flights, as illustrated by an illegal import of 390 kg of products, including bushmeat, at Zurich airport in December 2011.
The present study has provided information on the extent of illegal meat imports at two Swiss airports but clearly does not represent the Data on methods used to process the intercepted meats were missing for the majority (87%) of the confiscated products. However, among the identified processing methods (18% of all meat imports) almost 30% was fresh meat, which offers good conditions for pathogen survival. The feeding of swill to pigs and other methods of disposal such as discarding litter could thus result in outbreaks of animal disease (2) . However, in Switzerland, feeding swill to pigs has been prohibited since July 2011 (Swiss legislation on waste management of animal by-products, SR 916.441.22, art. 27), therefore introduction of contagious livestock diseases to farms by this route will be limited to the illegal feeding of food waste.
Several assumptions were made in the model used for estimating the total quantity of illegally imported meat and bushmeat into Switzerland. For each airport, national air travel statistics were available only on the total number of passengers passing through (i.e.
both those arriving and those departing). It had to be assumed, therefore, that the total number of passengers arriving was 50% of the total number of passengers passing through. This assumption is consistent with data available from the annual reports of the two airports (30, 31).
Expert opinions estimated the proportion of passengers who declare their products to the customs department; these opinions were based on internal airport statistics, thus reducing the level of uncertainty. It was further assumed that passengers declaring particular products assumption was that whenever the luggage of a passenger was searched, all products of animal origin were recovered and confiscated by customs officials. This assumption was based on the high detection efficiency (85% to 100%) of the X-ray scanner machine (26) , which was mainly used in Geneva but also in Zurich, and on the fact that when luggage was opened the search was done thoroughly.
Lastly, it was assumed that passengers whose luggage was searched had the same probability of importing illegal meat as the non-searched passengers. However, the experience of the customs officers means that they will search the luggage of a passenger whose profile fits that of a passenger with illegal imports, leading to a higher probability of detecting illegally imported products in searched than non-searched 
Conclusion
The statistical model used in the study enabled estimation of the total inflow of illegal meat imports coming into Switzerland each year on commercial passenger flights. The contribution of bushmeat to the total illegal meat imports was relatively small; however, the threat of disease outbreak in livestock or the human population in the importing country as a result of illegal bushmeat imports is real, especially given the broad range of animal species imported from different regions of the globe. A broader study is therefore recommended to estimate the health risks that could occur from meat illegally imported by all possible entry routes: namely air, road and ship transport. For better monitoring, the databases for meat imports at the airports should be standardised and include information on species and methods used to process the animal products. In addition, tools of genetic analysis would be helpful for rapid identification of species (32) .
The risk of pathogen introduction into the EU and Switzerland through bushmeat is reduced by the fact that frequently the imported meat has been smoked. The smoking process was identified as the most common means of preservation (80%) of bushmeat imports brought into Paris (25) . Harmonised surveillance at European ports of entry should be increased to reduce the importation of illegal meat.
Information campaigns aimed at passengers are essential and should state clearly that the carriage of meat imports, including bushmeat, from non-EU countries is forbidden and that health risks could arise from such imports. Rev. sci. tech. Off. int. Epiz., 32 (3) 17102013-00010-EN 28/28
Npass: annual number of passengers entering Switzerland through Zurich and Geneva airports P1: probability that the passenger will not declare anything P2: probability that the passenger's luggage will not be searched at the Swiss custom borders P3: probability that the passenger whose luggage is searched is importing an animal product P4: probability that the imported animal product is meat P5: probability that the imported meat is bushmeat 
